It has been successfully applied to predict, estimate and analyze the excess thermodynamic functions of liquid blends with non-polar as well as polar liquids. This theory considers the excess molar volumes of binary blends to be a sum of three contributions: i) the interaction contribution ( E int V ) that is proportional to the interaction parameter, χ 1,2 ;
ii) the free volume contribution that arises from the dependence of the reduced volume upon the reduced temperature; iii) the internal pressure contribution ( E * p V ) that depends on both the differences of the characteristic pressures and on the differences of reduced volumes of the components. 
where ψ 1 and ψ 2 stand for the molecular contact energy fractions of liquids 1 and 2 in a blend; θ 2 is the molecular site fraction of liquid 2 in a mixture and the other symbols have their usual significance. 13, 14 Various characteristic and reduced parameters of the pure liquid components, such as the reduced volume (ṽ), reduced temperature (T  ), characteristic volume (V*), characteristic pressure (p*) and characteristic temperature (T*) for each liquid component (needed for the E m V correlation) were calculated using the Flory formalism [15] [16] [17] [18] and are listed in Table  S-VII. 
Peng-Robinson equation of state (PR-EOS).
Cubic equations of state are powerful tools for predicting the thermodynamic properties and phase equilibria of hydrocarbon systems. These equations are widely applied in industrial process design for their relatively simple mathematical structure and computational efficiency in the calculation of the volume and other related thermodynamic parameters, such as fugacity coefficient, etc. These equations can conveniently be extended to mixtures using different mixing rules. Herein, the classical cubic PR-EOS equation of state was used for correlating the excess molar volumes ( E m,PR-EOS V ) of the blends studied at 298.15 K. The two parameter PR-EOS is given by: 23
For a pure component the energy a and co-volume b parameters were obtained from the relations: 
V
) as a function of the mole fraction of CH (x 1 ) for the studied blends at 298.15 K is depicted in Fig. S-1 . The overall performance of these models (PFP and PR-EOS) was judged by the absolute maximum percentage average deviations (PD max ). 25 For the blends with the alkyl esters, PD max values for both the models were 10 % but were above 100 % for the blend with MS. Thus, it is evident that the calculated excess molar volumes ( E m, PFP V ) agree reasonably with the experimental excess molar volumes ( E m V ) for the binary blends with alkyl esters but not with MS. This is most probably due to strong dipole-induced dipole interactions and increased intermolecular compactness in the blend CH + MS. 
Viscosity correlation models
Mehrotra et al. 26 reviewed the practical implications of several empirical or semi-empirical viscosity models for the viscosities of liquid blends. These models can simulate the viscosity of liquids or liquid blends. However, such models that apply the corresponding state principle based on the van der Waals hypothesis 27 are limited. Therefore, the experimental viscosities of the studied binaries were correlated with the PR-EOS 20, 28 and the Bloomfield-Dewan model (BF). 20, 23 PR-EOS. In terms of the ΔG* E and η can also be expressed by the relation: 29
where V m and (ηV) id are the molar volume and kinematic viscosity of an ideal mixture, respectively. (ηV) id is defined as follows:
ΔG* E for a binary blend can also be expressed as:
where g 12 is binary interaction parameter (g ii = 0 and g ij = g ji ). The parameter g 12 is evaluated from a comparison of the experimental viscosities with those obtained from Eq. (S-12) . The value of G *E /RT can be obtained from the relation:
where ϕ i 0 and ϕ i stand for the fugacity coefficients of the i th component in the pure state and in the mixture, respectively. As per the PR-EOS, the fugacity coefficient for a pure component is given by: -16) and fugacity coefficient for the i th component in a binary blend is given by:
(1 2) 
The binary interaction parameters (g 12 ) were obtained from non-linear regression with minimum standard deviations (σ) for the blends using a C-program. 20 The binary interaction parameters (g 12 ) were found to be -0.409, -0.338 and -0.829 for the blends CH + MA, CH + EA and CH + MS, respectively. The absolute maximum percentage average deviations (PD max ) 25 when comparing the experimental viscosities and those calculated from this model for the blends CH + MA, CH + EA and CH + MS were found to be 0.32, 0.41 and 0.19, respectively. Therefore, this model can reasonably well describe the viscosity behavior of the studied binary blends.
BD model. Combining two semi-empirical theories of liquid viscosities, viz., the absolute reaction rate 30 and the free volume theory, 31 Bloomfield and Dewan 28 developed the following expression for viscosity deviation (Δlnη) of blends: 
The residual free energy of mixing (ΔG R ) is given by the relation:
where φ i is the segment fraction of the i th component in a binary blend. [15] [16] [17] [18] Based on the Flory statistical thermodynamic theory for liquid mixtures, 15-18 the excess energy ΔG E can be obtained from the relation:
where the χ 1,2 values used were calculated a priori from Eq. (S-1). The absolute maximum percentage average deviations (PD max ) 25 when comparing the experimental viscosities and those calculated from BD model for the blends CH + MA, CH + EA and CH + MS were found to be 50, 34 and 34 %, respectively. A comparison between the experimental viscosities and the calculated viscosities from these two viscosity models are depicted in Fig. S-2 . It is evident that the BD model badly predicted the viscosities for all the studied blends as compared to the PR-EOS model. 
Prediction of ultrasonic speed of sound
Ultrasonic speeds of sound for the three blends were theoretically predicted with empirical theories, such as the Flory theory (FL), the collision factor theory (CFT), the Nomoto relation (NOM), the Impedance dependence relation (IDR), the Ideal mixture relation (IMR) and the Junjie relation (JUN). Details of these theoretical models are given in some previous articles 32, 33 and references therein. The goodness of fitting of the experimental speeds of sound to these models was judged by the absolute maximum percentage average deviations (PD max ), 25 given in Table S-IX and Fig. S-3 , from which it is evident that that the relative predictive capability of these models follows the orders: FL > IDR ≈ IMR > CFT > JN > NOM for CH + M); NOM > JN > IMR > FL > IDR > CFT (for CH + EA) and JN > FL > IMR > NOM > CFT > IDR (for CH + MS). It is also evident that the FL theory, amongst all the theories tested, could reasonably well predict the speeds of sound of the studied blends, except for the blend containing EA. 
